Background and objectives: This study investigated whether the slope of estimated GFR is different between nonproteinuric subjects with and without diabetes, and what clinical factors are associated with the GFR slope.
O nce proteinuria occurs and/or chronic renal failure develops, the rate of decline of renal function in diabetic nephropathy is considerably higher than the rate in other renal diseases (1) (2) (3) . We believed that patients with diabetes suffer a faster decline of renal function than subjects without diabetes, explaining why the number of patients with diabetic end-stage renal failure is increasing (1) . However, is this true in subjects without proteinuria? Sufficient data are not available from studies that investigated individuals without proteinuria and compared the rate of decline of renal function between subjects with and without diabetes.
Progressive loss of GFR in patients with diabetes has been considered to occur after development of micro-and macroalbuminuria. However, recent studies have identified that among patients with type 2 diabetes and normoalbuminuria, some already have renal insufficiency (4 -7) and some will develop renal insufficiency without any development of albuminuria (8) . A recent paper indicated the risk of early progressive renal function decline in nonproteinuric patients with type 1 diabetes (9) . Putative predictors for renal function loss are known to include proteinuria, dietary protein intake, systemic blood pressure (BP), glomerular hypertension, hypoproteinemia (decreased oncotic pressure), anemia, smoking, hyperlipidemia, and glycemic control (1, 10) . But it is not certain in normoalbuminuric patients what factors would affect the decline in renal function.
We investigated (1) whether the slope of estimated GFR based on serial measurements of serum creatinine is different between subjects with and without diabetes in individuals without proteinuria, and (2) what clinical factors are associated with the GFR slope in these subjects.
Patients and Methods

Study Population
An observational cohort study was performed. All consecutive patients who visited the outpatient clinic of Jiyugaoka Internal Medicine were enrolled between 2004 and 2006. Most of the patients had type 2 diabetes and/or hypertension, because the clinic is specialized in diabetes care. Individuals who had been already treated for diabetes or hypertension were included in the study in April 2004. Individuals whose treatments for diabetes and/or hypertension were newly started after April 2004 were included in the study after the 5 visits, at least more than 3 mo, when their BP control and/or blood glucose control were stabilized. Subjects without type 2 diabetes and without hypertension visited the clinic because of common diseases other than diabetes or hypertension, such as hyperlipidemia, hyperuricemia, gastric ulcer, or neurosis. All subjects that fulfilled the following inclusion and exclusion criteria participated in the study. Individuals who attended the clinic for more than 1 yr and had more than at least three measurements of serum creatinine after 2004 were eligible for inclusion. Patients with type 1 diabetes were not included. For individuals with type 2 diabetes, those with normoalbuminuria, defined by an urinary albumin to creatinine ratio (ACR) less than 30 mg/g creatinine, were eligible, and those with an ACR of 30 mg/g creatinine or more were excluded. For individuals without diabetes, ACR was unfortunately not measured. Alternatively, we confined individuals without diabetes to those whose three consecutive measurements for proteinuria by dipstick were all negative. Subjects were followed up to March 2008. The study was approved by the local ethical committee and was carried out in accordance with the Helsinki Declaration II.
Type 2 diabetes was diagnosed according to the Japan Diabetes Society (JDS) criteria (11, 12) ; that is, principally fasting blood glucose of 7.0 mmol/L (126 mg/dl) or more or casual blood glucose of 11.1 mmol/L (200 mg/dl) or more. Classification as not having diabetes was made when any measurement (median number of seven measurements during the follow-up) of fasting or casual blood glucose revealed no greater than the above levels. Hypertension was defined by a systolic BP (SBP) of more than 140 mmHg or diastolic BP (DBP) above 90 mmHg, or both, or patients already being treated with antihypertensive drugs. Hyperlipidemia was defined as serum concentrations of total cholesterol (TC) of more than 220 mg/dl, triglycerides (TG) of more than 150 mg/dl, HDL cholesterol (HDL) of less than 40 mg/dl, or patients already being treated by lipid lowering agents. LDL cholesterol level was calculated by Friedewald's formula.
Measurements
The BP was measured with an appropriately sized cuff in the sitting position after resting for more than 5 min. Three measurements on different days were recorded, and the average was used for the analysis. Nonfasting blood samples were obtained for measurements of glycosylated hemoglobin A 1C (HbA 1C ), plasma concentrations of glucose and total protein (TP), serum concentrations of creatinine and lipids, and blood cell counts at baseline and 1-yr follow-up. HbA 1C was measured by HPLC (normal range, 4.3 to 5.8%) and was certified by the American National Glycohemoglobin Standardization Program (NGSP ϭ 1.019 ϫ JDS ϩ 0.30). Serum and urinary concentrations of creatinine were measured by an enzymatic method with isotope-dilution mass spectrometry (IDMS)-traceable calibrator (N-assay L Creatinine Kit, Nittoubo Medical Co., Tokyo, Japan). The method was consistent throughout the study period with interassay variation coefficients of 0.38 and 0.43% at creatinine concentrations of 1.030 and 4.100 mg/dl, respectively. Urinary albumin was measured by a turbidimetric immunoassay. The urinary albumin excretion rate (AER) was measured using the ACR in random urine samples. The GFR was estimated using the following equation recently generated by the Jap- 
Statistical Analyses
For each subject, a linear regression model of time on GFR (leastsquares method) was created, and the slope of the regression line was used to estimate the subject's change in GFR over time. Then the GFR slope was expressed as percent per year by dividing the slope by the baseline GFR value. Because no definite criteria for GFR decliner exist, a GFR slope of less than Ϫ4.0%/yr, which was obtained from the control subjects aged 50 to 70 yr in the Baltimore Aging Study (14) , was used as the threshold to define GFR decliner. Results are given as the mean Ϯ SD unless otherwise stated. The significance of differences between the two groups was determined by 2 
Results
Summary of Study Subjects
For all subjects, the median follow-up time was 3.1 yr. The median number of GFR measurements per subject was seven. Clinical characteristics of the subjects at baseline according to the presence of diabetes are shown in Table 1 . Subjects without diabetes were more likely to have hypertension and hyperlipidemia. Subjects with diabetes were more likely to be young and male and to have higher values of body mass index, HbA 1C , GFR, hemoglobin, and length of follow-up, and lower values of SBP, DBP, HDL, LDL, and platelet.
GFR Slope and Characteristics of the GFR Decliners
GFR slope (%/yr) was significantly larger in subjects with diabetes than in those without diabetes, and this difference remained significant in subgroups with or without hypertension ( Figure 1 ). To investigate the association of GFR slope with clinical variables, subjects were classified into GFR decliners and nondecliners according to the presence of diabetes ( Table  2 ). The proportion of decliners was slightly but not significantly higher in subjects with diabetes than in those without diabetes (30.1% versus 26.8%, P ϭ 0.3618). In subjects with diabetes, GFR decliners were more likely to be female, to have hypertension, and to have higher baseline values of GFR and HbA 1C and a lower value of plasma TP. In subjects without diabetes, GFR decliners had only higher values of SBP and DBP and a lower value of plasma TP. At second follow-up, GFR decliners with diabetes had higher HbA 1C and SBP, but variables such as lipid profiles and others were similar between the two groups (data not shown). AER was investigated only in subjects with diabetes. At baseline the ACR value was higher in decliners than in nondecliners, but it was similar at the end of follow-up and the number who developed microalbuminuria (ACR Ն 30 mg/g creatinine) was also similar between the two groups.
Determinants of Baseline GFR
Because significantly higher baseline GFR values were found only in decliners with diabetes, we investigated the determinants of the baseline GFR in subjects with diabetes. In multiple linear regression analysis with the baseline GFR as the dependent variable and HbA 1C , SBP; body mass index; serum concentrations of HDL, LDL, and TG; hemoglobin; platelet; and plasma TP as the independent variables, significant relationships for the baseline GFR values (shown as follows by milliliters of change in GFR by units of change in each risk factor as regression coefficient) were noted with HbA 1C (2.8 per %, P Ͻ 0.0001), HDL (0.2 per mg/dl, P ϭ 0.043), TG (Ϫ0.3 per mg/dl, P Ͻ 0.0001), hemoglobin (3.6 per g/dl, P Ͻ 0.0001), and platelet (0.5 per 10 4 /mm 3 , P Ͻ 0.0001).
Comparison of GFR Values when the Casual Blood Glucose during the Follow-Up Was at the Maximum and the Minimum
We examined whether the GFR value could be affected by the simultaneously measured casual blood glucose level within a subject. GFR value obtained at the maximal blood glucose during the follow-up was significantly higher than that at the minimal blood glucose in subjects with diabetes (GFR at blood glucose; 78.0 Ϯ 20.0 ml/min/ 
Effect of Baseline Variables on GFR Slope
In multiple linear regression analysis with the GFR slope (%/yr) as the dependent variable and baseline factors described in Table 3 as the independent variables, significant relationships for the GFR slope were noted with baseline values of HbA 1C , GFR, SBP, and plasma TP in all subjects and subjects with diabetes. The NS variables were not shown. HbA 1C and baseline GFR were not related with the GFR slope in subjects without diabetes. In subjects with diabetes, the GFR slope was was the median in all subjects.
significantly larger in those with hypertension than in those without (P ϭ 0.0251), and larger in those with high GFR than in those with low GFR (P ϭ 0.0003). Baseline GFR was a significant predictor of GFR decline in each subgroup, whereas HbA 1C was not associated with the GFR slope in a subgroup with low GFR. Baseline SBP was significant only in a subgroup with low GFR, and baseline TP was significant only in subgroups without hypertension and with high GFR.
Determinants of GFR Decliners
A multiple logistic regression analysis with GFR decliner as the dependent variable and the baseline factors listed in Table  3 as the independent variables revealed that high values of HbA 1C and SBP, a low value of plasma TP, and female gender increased the risk for GFR decline in all subjects and subjects with diabetes, and other independent variables were NS (Table  4 ). High baseline GFR was significant only in subjects with diabetes. The multiple logistic model was associated with a In subjects without diabetes, low TP was the only risk for GFR decliner with borderline significance. Interaction effects of two risk factors from high HbA 1C , high GFR, high SBP, low TP, and female gender were all significant (Table 5) .
Discussion
This study showed that the GFR slope was larger in subjects with type 2 diabetes and normoalbuminuria than in those without diabetes without proteinuria. This result remained significant whether or not the subjects also had hypertension. High SBP and low plasma TP were found to be predictors of GFR decline in subjects without diabetes. In subjects with diabetes, high baseline GFR and high HbA 1C were also found to be significant predictors. To our knowledge this is the first study to report that chronic hyperglycemia elevates baseline GFR values and accelerates subsequent GFR decline in subjects with diabetes. a The interaction effects of two risk factors were explored by the presence/absence of the two factors with a reference as having both absences, after adjustment for other variables listed in Table 4. b High HbA 1C , high GFR, high SBP, and low TP were defined as HbA 1C Ն 7.0, GFR Ն 77.4 ml/min/1.73 m 2 , SBP Ն 127 mmHg, and TP Յ 7.1 g/dl according to the results in Table 4 .
Variables Affecting the GFR Slope: Baseline GFR and HbA 1C
The high baseline GFR, potentially being elevated by the high HbA 1C , significantly affected the subsequent greater rate of decline in GFR only in subjects with diabetes. Lack of significance in subjects without diabetes supports the important role in diabetes. The effect of hyperglycemia on increasing GFR was indicated in patients with type 1 (15, 16) and type 2 diabetes (17) with normal renal function. Jin et al. indicated a similar finding to ours; glomerular hyperfiltrators exist among Japanese subjects with type 2 diabetes without proteinuria or hypertension, and they were characterized by higher HbA 1C than normofiltrators (18) . A significant linear correlation of HbA 1C with estimated/measured GFR was shown (19, 20) . It is likely that chronic hyperglycemia may act through a mechanism that involves increased nitric oxide generation and/or action, leading to an increase in GFR (21) . We found that a GFR value estimated by serum creatinine was higher at high blood glucose levels than at low blood glucose levels within a subject with diabetes. This is of particular interest and supports the above findings.
It is interesting to find that, in subjects with diabetes, the rate of progression to microalbuminuria in decliners was similar to that in nondecliners, and decliners were characterized by significantly higher levels of baseline GFR, baseline ACR, and HbA 1C at baseline and follow-up, and a greater fall of GFR. This may support a notion that decline in GFR could precede the onset of microalbuminuria (4 -8,22) , being accelerated by elevated GFR and HbA 1C . The effect of elevated GFR on accelerating renal function loss in type 2 diabetes was somewhat controversial (23) . Although one report supported the association of high GFR with greater subsequent GFR decline, it failed to clarify the association between the baseline HbA 1C and the GFR decline because of the small numbers (24) . Estimation of GFR slope allows an investigation to deal with a large sample size as in our study.
Whether the association of high GFR with greater GFR decline was due to the regression-to-the-mean principle should be considered. This is the principle that with repeated measurements, when subjects are selected at the first measurement for having a high value for GFR, these subjects tend to subsequently show a lower value that lies closer to the population mean than their measured value at the first measurement and vice versa (25) . We therefore used the average of the first two GFR values as a baseline GFR value, corrected the slope for baseline GFR as has been demonstrated by others (9) , and compared the annual change in renal function of subjects with comparable renal function. We investigated the slope and intercept of GFR decline in the model where the second, third, fourth, or fifth measurement of GFR was used instead of the baseline GFR. In subjects with diabetes, those with high baseline GFR significantly and persistently showed greater values of the slope and intercept than those with low GFR (data not shown). Thus high GFR is likely a risk predictor of renal function decline in subjects with diabetes, independent of the regression-to-the-mean phenomenon.
The reason for associations of baseline GFR with HDL, TG, hemoglobin, and platelet is unknown. A recent paper indicated that higher hemoglobin levels were related with glomerular hyperfiltration in subjects with type 2 diabetes (26), which is consistent with our observations.
Variables Affecting the GFR Slope: Baseline SBP, Plasma TP, and Female Gender
Because baseline HbA 1C and GFR were significant only in subjects with diabetes, and baseline SBP and plasma TP were significant in subjects with and without diabetes but differed between subgroups in diabetes, it is likely that GFR is affected by multiple factors at various stages. The relationship of baseline SBP with the decline of GFR was previously indicated in patients with diabetes and with elevated albuminuria and higher SBP values (27) . Our study indicates that slightly high levels of SBP of approximately 130 mmHg have deleterious adverse effects on renal function loss in subjects with and without diabetes. The effect was cancelled in subjects without hypertension. Lack of the effect in those with high GFR was because of the small proportion (37%) of hypertensive patients.
The significant effect of low plasma TP on the GFR slope was observed in subjects with and without diabetes. It is known that plasma TP and plasma albumin are important factors for maintaining oncotic pressure (28) , which is a determinant of GFR and is decreased in subjects with nephrotic syndrome (29) . Decreased plasma concentrations of TP and albumin could accelerate the progression of renal function loss in subjects with type 2 diabetes and renal insufficiency (1) . However, few data are available on the effect in subjects with preserved GFR. Our data may indicate that a preserved level of plasma TP or oncotic pressure may be important even at the early stage in the course of renal function loss, although we should acknowledge the lack of measurements of plasma albumin and oncotic pressure. The reason for female gender as a risk for GFR decline is unknown; however, it is compatible with a finding that GFR is more reduced in women among subjects with type 2 diabetes and normoalbuminuria (4, 7) .
Interaction effects of two risk factors evidently increased the risk. Furthermore, high values of HbA 1C and SBP tended to persist in subjects with diabetes. These findings emphasize more intensive treatment of modifiable risk factors.
Perkins et al. indicated high HbA 1C as a risk of early renal function decline (9) , which is consistent with our finding. Their study and ours indicated an existence of progressive renal function loss among patients with diabetes without proteinuria. Different from our study, baseline SBP and GFR were not the risk factors in their study, and the proportion of GFR decliner in patients with normoalbuminuric type 1 diabetes was 9%. Their subjects included those with type 1 diabetes, microalbuminuria, younger age, and higher HbA 1C ; they investigated risk of GFR decline only by a category of decliner/nondecliner; and a continuous variable of GFR slope was not used. Definition of decliner could be arbitrary, and above differences might be the explanations for the inconsistent findings.
Study Limitations
Some limitations of our study need to be mentioned. First, the validity for using estimated GFR is controversial. The new Japanese equations used in this study appear to estimate reasonably accurate GFR for the Japanese population; more accurate than the modified Modification of Diet in Renal Disease equation refitted for the Japanese overcoming the underestimation of GFR at the high values up to 110 ml/min/1.73 m 2 (13) . Because misclassification can occur when subjects are divided by a cutoff level of estimated GFR (30), we used continuous and categorical variables. The slope of measured GFR was very closely correlated with the slope of estimated GFR (r ϭ 0.93) in longitudinal studies (31) , thus the slope based on multiple measurements with a few years of follow-up may be worthwhile (31, 32) , overcoming the drawbacks of consuming time, high cost, and limited availability with measured GFR. Second, we should acknowledge that subjects without diabetes had clinical characteristics different from subjects with diabetes, and their ACR was not measured. Higher proportions of hypertension and hyperlipidemia in subjects without diabetes would have worsened the GFR slope and they may have microalbuminuria in the absence of proteinuria. However these would not affect our conclusion that subjects with diabetes, even with normoalbuminuria, have increased risk of renal function loss. Finally, future studies with longer follow-up and sufficient numbers of subjects would be necessary to elucidate the effects of predictors found in this study on GFR decline.
In conclusion, type 2 diabetes may confer a substantially large decline in GFR although the subjects are normoalbuminuric and fairly controlled for blood glucose and BP. GFR is substantially affected by multiple factors at various stages. It is likely that the degree of chronic hyperglycemia plays a crucial role in elevating GFR and accelerating the decline in patients with type 2 diabetes even from the normoalbuminuric stage.
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